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@ Method and apparatus for controlling the attitude of a shield excavator.

@ A shield excavator including a plurality of thrust
jacks (10a, 10b) distributed around its periphery is
caused to advance over a predetermined curved
path by the application of a rotational moment to it
by dividing the thrust jacks into two groups of mutu-
ally adjacent jacks and applying a load pressure fo
the thrust jacks of one group and a lower controlled
pressure to the thrust jacks of the other group. The
positions at which the thrust jacks are divided into
the two groups are selected in dependence on the
direction of the curved path which the excavator is to

follow. The controlled pressure is applied to that
group of thrust jacks which is on the inside of the
curved path which the excavator is to follow. The
magnitude of the controlled pressure is controlled in
dependence on the magnitude of the rotational mo-
ment which is to be applied to the excavator.
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The present invention relates to a method and
an apparatus for controlling the attitude of a shield
excavator to excavate a curved tunnel or to change
the direction of advance of the excavator.

A shield excavator includes a plurality of thrust
jacks distributed around a shield frame to advance
the excavator. Advancement of the excavator is
effected by extending the piston rods of the jacks
by supplying pressurized working oil to the jacks
whilst their rear ends are securely supported by
the segments of the excavator.

In order to advance the excavator over a
curved path, some of the jacks are supplied with
sufficient pressurized working oil to extend their
piston rods while the remaining jacks are supplied
with no working oil or supplied with working oil
pressurized only o the extent that no thrust force
is imparted to the excavator. Thus the remaining
jacks perform only a no-load following operation
such that their piston rods advance or extend
merely to follow the advance of the excavator. It
will be appreciated that it may be desired to ad-
vance the excavator over a curved path, i.e. change
its direction movement, either because the tunnel
is to be curved at that point or because the tunnel
is supposed to be straight at that point and the
excavator has deviated from its intended path.

Fig. 1 shows the hydraulic circuit of a conven-
tional automatic directional control system for use
with a conventional shield excavator. A hydraulic
pump 2, which pumps oil from a storage tank 1
and pressurizes it, is connected at its discharge
port to one end of a pipeline 3, the other end of
which is connected to a main selector valve 4. The
valve 4 is connected through a return pipeline 5 to
the tank 1 so as to return the working oil.

The valve 4 is further connected to two pipe-
lines 6 and 11. The pipeline 6 branches into two
pipelines 7a and 7b which respectively commu-
nicate with the head-side oil chambers 22a and
22b of thrust jacks 10a and 10b through jack load
pressure selector valves 8a and 8b and pipelines
9a and 9b. The pipeline 11 branches into two
pipelines 12a and 12b which respectively commu-
nicate with the rod-side oil chambers 23a and 23b
of the jacks 10a and 10b.

A no-load following valve block 13 comprises a
pressure reducing valve 15 for reducing the pres-
sure of the working oil from a selector valve 14, a
pipeline 16 for the passage of the working oil from
the reducing valve 15 and check valves 17a and
17b for preventing the working oil from returning to
the valve 15. The pipeline 6 is connected to the
selector valve 14 though a pipeline 18. The check
valves 17a and 17b are connected to the pipelines
9a and 9b through pipelines 19a and 19b.

Pipelines 19a and 19b are connected to the
pipelines 9a and 9b, respectively, and to the tank 1
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through a pipeline 20 and respective check valves
21a and 21b. Reference numerals 24 and 25 de-
note safety valves. It is to be understood that in
practice many thrust jacks 10 are disposed side by
side though only two jacks 10a and 10b are shown
in Fig. 1. Set pressures P1, P2 and P3 of the
safety valves 24 and 25 and the pressure reducing
valve 15, respectively, are adjusted to satisfy the
following condition:

P1=P2> P3

Fig. 2 illustrates a typical operation control board
26 of a conventional shield excavator. The board
26 comprises a plurality of equiangularly spaced
jack selection switches 27 (12 switches are shown),
which are disposed in the form of ring correspond-
ing to the thrust jacks, rotational moment direc-
tional pilot plates 28 (24 pilot plates are shown),
disposed in positions corresponding to the switch-
es 27 and midway between the switches 27, and a
jack operation unit 32 comprising push, pull and
stop switches 29, 30 and 31. The board 26 further
has a load pressure indicator 33, a left jack stroke
meter 34, a right jack stroke meter 35 and a
pitching indicator 36 (or inclinometer in the axial
direction).

When a selection switch 27 is pushed, the
switch 27 lights up and correspondingly a com-
mand signal is outputted to a valve unit 37 so as to
change over the associated selector valve 8a, 8b of
the corresponding jack 10a, 10b to the load pres-
sure side. When the push switch 29 is pushed, the
switch 29 lights up and correspondingly a com-
mand signal is outputted to the valve unit 37 so as
to change over the main selector valve 4 to the
push side, whereby the piston rods of the selector
valves 8a 8b having been changed over to the load
pressure side are extended in unison for excava-
tion. When the switches 27 and 29 are pushed
again, their light goes off and the respective selec-
tfor valves 8a, 8b and 4 are changed over to neutral
positions (or closing sides).

When the shield excavator is to be advanced in
a straight line, all the jack selection switches 27 are
pushed on so that all the selector valves 8a and 8b
are changed over to the load pressure sides. Then
the push switch is actuated so that the main selec-
tfor valve 4 is changed over to the push side. As a
result, all the jacks 10a and 10b are simultaneously
extended fo advance the excavator straight ahead
for excavation.

When excavation of a curved tunnel or correc-
tion in the direction of advance of the shield ex-
cavator is required, the operator turns off those of
the jack selection switches 27 which correspond to
the jacks on the inside of the bend through which
the excavator is to move. As a result, the cor-
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responding selector valves 8a and 8b are changed
over to their neutral positions so that the cor-
responding jacks 10a and 10b are de-energized
and consequently a rotational moment is imparted
o the excavator.

Whether or not the desired attitude has been
attained is checked by the left and right jack stroke
meters 34 and 45 as regards the left and right
directions and by the pitching meter 36 as regards
the upward and downward directions. When the
excavator is inclined too much or too little in the
upward or downward direction and/or in the right or
left direction, such deviation is compensated by
correspondingly increasing or decreasing the num-
ber of jacks which are energized.

Which jacks are to be energized is determined
as follows: From a total thrust required to advance
the excavator, a required minimum number of
thrust jacks (in general more than half of all the
thrust jacks) is determined. The thrust jacks to be
energized are selected in a jack pattern or arrange-
ment such that the required rotational moment is
obtained with a number of thrust jacks which is
greater than the minimum number and as high as
possible, the selected jacks being in a dispersed
pattern so as not to locally over-load the segments.

In this known system, the number of jacks to
be energized is determined depending upon the
required total thrust; and the jacks to be energized
are selected in accordance with experience having
regard to their combined vertical and horizontal
moments. In order to minimise meandering move-
ments of the excavator and to attain a high degree
of accuracy of the finished tunnel, any positional
error and attitudinal deviation of the shield excava-
tor must be compensated for as soon as possible.
Therefore, the rotational moment must be changed
gradually, which requires the jack selection to be
effected in a complex, dispersed and nearly ran-
dom pattern. The jack selection is conventionally
effected in accordance with the operator's personal
judgement and is very difficult and requires a
skilled operator.

In a further known system, gyroscopic or laser-
type automatic position and attitude sensors are
provided. In response to signals from the sensors,
the thrust jacks are controlled to effect automatic
direction control of a shield excavator. In this case
also, the jack patterns or combinations to be se-
lected are so numerous that the algorithm for se-
lecting the jacks to be energized is extremely com-
plicated.

Accordingly, it is an object of the present in-
vention to provide a method and apparatus for
controlling or correcting the attitude of a shield
excavator which is both simple and can operate
automatically and which can be operated by an
ordinary unskilled operator because the number of
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steps which require judgement and experience by
the operator are minimised.

According to the present invention a method of
controlling the attitude of a shield excavator includ-
ing a plurality of thrust jacks distributed around the
excavator of the type including applying a rotational
moment to the excavator to cause it to advance
over a curved path by dividing the thrust jacks into
two groups, applying a load pressure to the thrust
jacks of one group and a lower pressure to the
thrust jacks of the other group is characterised in
that the thrust jacks of each group are mutually
adjacent, that the positions at which the thrust jacks
are divided into the two groups are selected in
dependence on the direction of the curved path
which the excavator is to follow, that the reduced
pressure is applied to that group of thrust jacks
which is on the inside of the curved path which the
excavator is to follow and that the reduced pres-
sure is a controlled pressure whose magnitude is
controlled in dependence on the magnitude of the
rotational moment which is to be applied to the
excavator.

The present invention also embraces an ap-
paratus for carrying out such a method of the type
including a plurality of jack load pressure selector
valves associated with a respective thrust jack, a
main selector valve arranged to direct a pressuris-
ed hydraulic fluid from a hydraulic pump selec-
tively to one side of the pistons of the thrust jacks
or via the jack load pressure selector valves to the
other side of the pistons of the thrust jacks, a
pressure reducing valve connected to the hydraulic
pump and pipelines which are connected to the
outlet of the pressure reducing valve and to the
said other side of the piston of a respective thrust
jack and is characterised in that the pressure re-
ducing valve is of controlled type whereby its out-
put pressure is variable, that a controlled pressure
selector valve is provided in each pipeline which is
interlocked with the associated load pressure se-
lector valve such that when one is open the other is
closed, that an input device is provided for setting
the direction of the rotational moment to be applied
to the excavator, that a controller is provided for
controlling the change-over of the interlocked pres-
sure selector valves and load pressure selector
valves on receipt of a command signal from the
input device and that a variable setting device is
provided for varying the controlled pressure of the
pressure reducing valve in dependence on the de-
sired magnitude of the rotational moment.

Thus in the method and apparatus of the
present invention, the direction in which the shield
excavator is to be moved is set by an input device
whereby the jack load pressure selector valves and
controlled pressure selector valves are automati-
cally changed over in dependence on the input
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direction so as to divide the thrust jacks into
groups to which load pressure and controlled pres-
sure, respectively, are applied. Furthermore the
magnitude of the required rotational moment is
determined by a variable setting device such as a
potentiometer so that the controlled pressure is set
automatically.

Further features and details of the invention will
be apparent from the following description of one
specific enbodiment which is given by way of ex-
ample with reference fo figures 3 to 5 of the
accompanying drawings, in which:-

Fig. 3 is a hydraulic circuit diagram of a pre-
ferred embodiment of the present invention;

Fig. 4 is a block diagram of the operation control
board thereof; and

Fig. 5(a), 5(B) and 5(C) illustrate three different
examples of the way in which the thrust jacks
can be divided into groups.

Similar reference numerals are used to des-
ignate similar parts throughout the figures.

Fig. 3 shows a preferred embodiment of the
invention in which a controlled pressure supply
circuit 38 is provided instead of the conventional
no-load following valve block 13 shown in Fig. 1.

The pipeline 6, which supplies the working oil
from the tank 1 through the hydraulic pump 2, the
pipeline 3, the main selector valve 4, the pipelines
5, 7a and 7b, the selector valves 8a and 8b and the
pipelines 9a and 9b to the head-side oil chambers
22a and 22b of the thrust jacks 10a and 10b, is
connected through a steplessly pressure-control-
lable electro-hydraulic pressure reducing valve 40
to controlled pressure selector valves 41a and 41b.
Pipelines 42a and 42b from the valves 41a and 41b
are connected to the head-side pipelines 9a and 9b
of the corresponding thrust jacks 10a and 10b.

The jack load pressure selector valves 8a and
8b and the controlled pressure selector valves 41a
and 41b are paired in conjunction with the jacks
10a and 10b and are so interlocked that when one
is opened, the other is closed.

Between the discharge side of the valve 40 and
the pipeline 5 is a pipeline 44 with a safety valve
43. The set pressure of the safety valve 43, which
is higher than that of the pressure reducing valve
40, is equal to the set pressure of the safety valve
24 or is correlated with the set pressure of the
valve 40 by use of an electro-hydraulic valve. Ref-
erence numeral 45 represents a load pressure sen-
sor; and 46, and controlled pressure sensor.

Fig. 4 illustrates the operation control board 47
used in the present invention. An input device 49
serves to digitally command a desired direction of
rotational moment to be applied to the excavator to
an arithmetic controller 48 incorporated in the
board 47. In response to the output 50 from the
controller 48, the jack load pressure selector valves
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8a and 8b, the controlled pressure selector valves
41a and 41b and the main selector valve 4 are
switched.

In the arithmetic controller 48, the number of
thrust jacks to be energized is determined in re-
sponse to a signal 53 commanding the direction of
the rotational moment from the input device 49 or
in response o a separate set signal representative
of the number of thrust jacks to be energized. A
signal 55 from a variable setting device or poten-
tiometer 54 for setting the magnitude of the rota-
tional moment is adjusted depending upon the de-
termined number of the thrust jacks to be en-
ergized. A signal 57 consisting of the thus adjusted
signal 56 added to a load pressure feedback signal
60 is inputted into a control amplifier 58, the output
of which in turn is applied to the pressure reducing
valve 40.

Reference numeral 59 represents a controlled
pressure indicator for indicating the controlled pres-
sure detected by the sensor 46. The controlled
pressure indicator 59 is disposed adjacent to the
load pressure indicator 33 which indicates the load
pressure detected by the sensor 45.

When advancing the shield excavator, the num-
ber on the rotational moment directional pilot plate
28 indicating the direction in which the excavator is
o be directed or oriented is digitally inputted to the
input device 49.

Then, in response to said desired direction of
the rotational moment, the load pressure selector
valves 8a and 8b and the controlled pressure se-
lector valves 41a and 41b are switched over to
communicate with the corresponding thrust jacks
10a and 10b. The magnitude of the desired rota-
tional moment is set by the variable setting device
or potentiometer 54 so that the required controlled
pressure of the electro-hyraulic pressure reducing
valve 40 is set, whereby the rotational moment with
the desired direction and with the desired mag-
nitude is obtained.

In order to amend the direction and magnitude
of the rotational moment, any variation in attitude of
the shield excavator is monitored based on the
displays of the right and left jack stroke meters 34
and 35 and the pitching meter 36 and the mag-
nitude of the rotational moment obtained from the
difference in display between the load pressure
indicator 33 and the controlled pressure indicator
59 and the number of the energized jacks and the
input device 49 and the potentiometer 54 are ad-
justed accordingly to attain a desired attitude.

Fig. 5(A) illustrates the excavation of a curved
tunnel with a total of 12 thrust jacks. Jacks 1 - 6
are assigned to the load side while the remaining
six jacks 7 - 12 are assigned to the controlled
pressure side. The direction of rotational moment is
oriented to 18.
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Fig. 5(B) illustrates a change of the direction of
the rotational moment from 18 to 20. In this case,
the jack 1 is energized by the controlled pressure
while 7 is in load operation.

When a direction of the rotational moment ori-
ented to 19 is selected as shown in Fig. 5(C), as
compared with the state shown in Fig. 5(A), one
jack 7 is added to the load pressure operation. In
this case, in order to prevent any variations in the
magnitude of the rotational moment, the eleciro-
hydraulic pressure reducing valve 40 is adjusted in
accordance with the calculation by the arithmetic
controller 48.

By using the above-described operation, the
direction of the rotational moment can be set and
adjusted by half the pitch of the thrust jacks 10a
and 10b.

Thus, in general, the line along which the thrust
jacks are divided into two groups extends per-
pendicular to the direction of the curve along which
the excavator is to move. If, as is preferred, the
number of jacks is even and the number of direc-
tions in which the excavator may be moved is
twice the number of jacks, then if the direction
number is even the number of jacks to which load
pressure is applied is one half the total number and
if the direction number is odd the number of jacks
to which load pressure is applied is one half the
total number plus 1, i.e. 7 if there is a total of 12
jacks.

The positions at which the jacks are divided
into two groups, in the event that there are 12
jacks, are determined as follows. If the direction
number D is even then B' is calculated from the
formula B'=D/4 + 4. If B' 2 13 then B is cal-
culated from the formula B = B'-12. If B < 13 then
B = B'. Starting from jack No.B, six jacks in the
clockwise direction are subjected to load pressure.
If D is odd, then B' is calculated from the formula
B'"=(D + 1)/2 + 3. 1f B'2 13, then B = B'-12. If
B' < 13, then B = B'. Starting from jack No.B,
seven jacks in the clockwise direction are sub-
jected to load pressure. In all cases the controlled
pressure is applied to those jacks to which load
pressure is not applied. It will be readily under-
stood how the above calculations may be altered
for different numbers of jacks and directions of
movement.

It will be understood that the method and ap-
paratus for controlling the attitude of the shield
excavator according to the present invention is not
limited to the above-described embodiment and
that various modifications may be effected.

The method and apparatus for controlling the
attitude of the shield excavator of the present in-
vention have the following advantage:

() The attitude of the shield excavator can be
controlled only by setting the direction and mag-
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nitude of the rotational moment and a skilled
operator is not necessary.

(i) The thrust jacks are divided into two groups
of mutually adjacent thrust jacks, one of the
groups being controlled by the load pressure
while the other group is controlled by the con-
trolled pressure. As a result, the control of the
attitude of the shield excavator is simplified and
effected automatically.

Claims

1. A method of controlling the attitude of a shield
excavator including a plurality of thrust jacks
distributed around the excavator, the method
including applying a rotational moment to the
excavator to cause it to advance over a curved
path by dividing the thrust jacks into fwo
groups, applying a load pressure to the thrust
jacks of one group and a lower pressure to the
thrust jacks of the other group, characterised in
that the thrust jacks (10a, 10b) of each group
are mutually adjacent, that the positions at
which the thrust jacks are divided into the two
groups are selected in dependence on the
direction of the curved path which the excava-
tor is to follow, that the reduced pressure is
applied to that group of thrust jacks which is
on the inside of the curved path which the
excavator is to follow and that the reduced
pressure is a controlled pressure whose mag-
nitude is controlled in dependence in the mag-
nitude of the rotational moment which is to be
applied to the excavator.

2. Apparatus for controlling the attitude of a
shield excavator of a type including a plurality
of thrust jacks (10a, 10b) distributed around it
and for controlling the application of a rota-
tional moment to the excavator to cause it fo
advance over a curved path, the apparatus
including a plurality of jack load pressure se-
lector valves (8a, 8b) associated with a respec-
tive thrust jack, a main selector valve (4) ar-
ranged to direct a pressurised hydraulic fluid
from a hydraulic pump (2) selectively to one
side (23a, 23b) of the pistons of the thrust
jacks or via the jack load pressure selector
valves (8a, 8b) to the other side (22a, 22b) of
the pistons of the thrust jacks, a pressure
reducing valve (40) connected to the hydraulic
pump (2) and pipelines (42a, 42b) which are
connected to the outlet of the pressure reduc-
ing valve (40) and to the said other side (22a,
22b) of the piston of a respective thrust jack,
characterised in that the pressure reducing
valve (40) is of controlled type whereby its
output pressure is variable, that a controlled
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pressure selector valve (41a, 41b) is provided
in each pipeline (42a, 42b) which is interlocked
with the associated load pressure selector
valve (8a, 8b) such that when one is open the
other is closed, that an input device (49) is
provided for setting the direction of the rota-
tional moment to be applied to the excavator,
that a controller (48) is provided for controlling
the change-over of the interlocked pressure
selector valve (41a, 41b) and load pressure
selector valves (8a, 8b) receipt seat of a com-
mand signal (53) from the input device (49)
and that a variable setting device (54) is pro-
vided for varying the controlled pressure of the
pressure reducing valve (40) in dependence on
the desired magnitude of the rotational mo-
ment.

Apparatus as claimed in Claim 2, characterised
in that it is arranged to apply load pressure to
a first group of mutually adjacent thrust jacks
and controlled pressure to a second group of
mutually adjacent thrust jacks and to divide the
thrust jacks into the two said groups in depen-
dence on the direction of the rotational mo-
ment to be applied to the excavator.
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